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ABSTRACT

In this thesis, we have proposed several solutions to achieve performance enhancements
in free space optics (FSO) links. FSO can be used to provide high speed, high bandwidth secure
communication to the end users. However, the performance of FSO links is dictated by the
atmosphere. In order to enhance the performance, we have used combined MIMO-OFDM,

channel coding with low-density parity-check (LDPC) code and serial relaying with FSO links.

MIMO uses spatial multiplexing and diversity to achieve higher capacity and robustness
in communication links. OFDM is spectrally efficient and also, it provides a cost effective
solution to improve the performance of communication links. The combined MIMO-OFDM is
widely used in radio frequency (RF) communication. Hence, we have used MIMO-OFDM with
FSO communication system to provide integration with currently existing technologies. In order
to achieve higher capacities with MIMO-OFDM, spatial multiplexing is used in this work. Since,
atmospheric turbulence can cause temporal broadening of the optical signal which results in
inter-symbol interference (ISI). The performance of MIMO-OFDM FSO links has also been
evaluated with ISI. To enhance the performance of MIMO-OFDM FSO links in terms of bit error
rate (BER), we have used diversity with equal gain combining (EGC) at the receiver side. Closed
form expression for the average BER of MIMO-OFDM FSO link is derived with EGC. Further,
to increase the channel resistance, channel coding with LDPC codes has been used and

performance is evaluated for different modulation schemes.

The performance of FSO can also be enhanced by scaling down the end-to-end link
length by using a number of relays in between source node and destination node. This serial

relaying also known as multi-hop communication has been studied extensively in this work with



the derivations of closed form expressions for the average BER, average channel capacity and
outage probability. We have studied on-off keying (OOK) modulation and binary phase-shift

keying (BPSK) subcarrier intensity modulation (SIM) with multi-hop FSO links.

As an application part of the work proposed in the thesis, we have used high-altitude-
platforms (HAPs) to extend the range of FSO communication and also to provide
communication facilities in difficult terrains of earth. The mathematical analysis of the
performance matrices has been carried out and performance of multi-hop HAP with FSO has
been evaluated. We also provide two reconfigurable architectures incase the communication
disrupts due to atmosphere degrading or components failure. The reliability and availability
analysis of the main architecture and proposed reconfigurable architectures has also been carried
out, so that the FSO link designers can use the data obtained in this thesis for designing a

complete FSO HAP architecture.
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